growth compared with determinate soybean (Pyle, 1982) .
has resulted in increased vegetative growth and grain
Our objective was to determine the interactive effects of growth habit yield (Afza et al., 1987; Al-Ithawi et al., 1980 ; Eaglesham (determinate and indeterminate stem termination types) and starter et al., 1983; Sorensen and Penas, 1978;  Touchton and N (0 and 50 kg ha Ϫ1 ) on soybean growth and yield when planted Rickerl, 1986; Wood et al., 1993) . Starter N, intended following corn in a double-crop system. Three Maturity Group VIII to provide plant-available N to developing seedlings, Hoover, 1971; Deibert et al., 1979; Ham et al., 1975;  14 cm greater height at R8 than Au86-2397D. Au86-2397I yielded Welch et al., 1973) . Peterson and Varvel (1989) effects of growth habit and N on soybean production, research has not been conducted in the southeastern USA to evaluate the combined effects of growth habit and N rate on late-planted, double-cropped soybean S oybean is routinely grown in the USA as a second in a single study. Our objective was to determine the crop after small grains. According to Williamson interactive effects of starter N (0 and 50 kg ha Ϫ1 ) and and Graham (1983) and Wallace et al. (1992) , up to growth habit (determinate and indeterminate) on soyone-half of the soybean crop in the southern USA is bean growth and yield when following corn in a latedouble-cropped. In the Deep South, it is becoming more planted, double-cropped system. common to find soybean grown behind full-season corn. In this cropping system, planting date is delayed to mid or late July from the optimal mid-May through late June MATERIALS AND METHODS (Caviness and Collins, 1985; Flack and Boerma, 1976;  Experiments were conducted in seven southern Alabama Weaver et al., 1991) . Because of this delay in planting, site-year environments in 1995 and 1996 (Table 1) . The experiyield reduction is commonly associated with double ment design was a randomized complete block consisting of cropping (Egli, 1976; Lewis and Phillips, 1976) . Previous six treatments, with four replications in each environment. studies report that yield reduction in late-planted, douThe treatments were three Maturity Group VIII soybean genotypes [Au86-2397I (Dt 1 Dt 1 , indeterminate), Au86-2397D ble-cropped soybean is associated with a lack of suffi-(dt 1 dt 1 , determinate) (Weaver, 1995) , and 'Cook'] and two N cient vegetative growth (Boerma et al., 1982 grown for maximum yield and mechanically harvested at matuSoil NH 4 -N and NO 3 -N concentrations were determined from preplant soil samples using the microplate method (Sims rity. Land preparation after corn harvest consisted of chisel plowing followed by one or two passes with a disk harrow to et al., 1995) following extraction with M KCl (10:1 KCl:soil). Nitrogen concentration of dried soybean tissue was deterform an adequate seedbed. Soybean was planted during July (Table 1 ) using a grain drill with narrow rows (seven rows, mined with a LECO CHN-600 analyzer (LECO Corp., St. Joseph, MI). Seed quality evaluation was based on seed coat 15 cm apart) and seeding rates of 20 seeds m Ϫ1 of row. Herbicides were applied for weed control. Soybean at condition, seed wrinkling, seed shape, and disease presence. Good-quality seed were assigned a value of 1; those of poor GCS95 and GCS96 received 2.8 L ha
seed quality received a value of 5. Seed oil and protein concentration analyses were conducted by the National Center for acetamide] and 0.56 kg ha . pyl]-3-hydroxy-2-cyclohexen-1-one) broadcast over the soybean canopy 2 wk after planting. Soybean at MEF96 received Data were analyzed by analyses of variance using general linear model procedure provided by the Statistical Analysis 0.7 kg ha Ϫ1 of metribuzin preemergence after planting. At WGS95, no herbicides were applied preplant or preemerSystem (SAS, 1985) . Combined analysis of variance across environments was computed with environments considered gence; only as-needed postemergence applications were made. Metolachlor (2.8 L ha Ϫ1 ) was applied to soybean at both random, while genotype and N rate were considered fixed. All main effects and their interactions were determined via WGS96 and EVS96. All sites received additional postemergence applications of herbicides and insecticides for control F-tests. of specific pests. Overhead irrigation was utilized at EVS96, WGS95, and WGS96. Growing-season precipitation was
RESULTS AND DISCUSSION
within normal limits and irrigation was according to standard practice (data available upon request).
Early Season Growth
Prior to soybean planting, soil samples (0-to 15-cm depth) All sites had low concentrations of surface soil NH 4 -N were taken with a hand probe to determine soil NH 4 -N and and NO 3 -N (Table 1) . Based on our previous work NO 3 -N concentrations. The number of days to maturity (R8) (Wood et al., 1993) , we expected soybean growth and was recorded (Fehr and Caviness, 1977) . Root and plant samples were taken at the R1 developmental stage. The developyield responses to starter N at these low-N sites. Plant mental stage was recorded for a plot when 50% of the plants height at R1 was increased by application of starter N reached that stage. Root samples were taken with a 10-cm- (Table 2) . Averaged across genotypes, starter N resulted diam. sampler to a depth of 20 cm for the Au86-2397D and in R1 plant heights of 37 cm, while plants not receiving Au86-2397I isolines only. Roots were then washed using a N averaged 33 cm. Genotype also affected plant height hydropneumatic root washer to remove soil. Root dry weight at R1 (Table 2) . Cook (a determinate type) had greater and nodule dry weight and number were recorded. Plant dry plant height than either Au86-2397D or Au86-2397I at matter yield at R1 was determined by clipping at the soil R1 when averaged across N rates (Table 2 ).
surface and collecting 1 m of row length at the soil surface Starter N and genotype interacted to affect soybean (Herman, 1982) . Dry matter yield at R1 was determined gravidry matter yield at R1 (Table 2 ). Both the Au86-2397D metrically following drying of 1-m row samples in a mechanical dryer at 60ЊC for 48 h. Plants were then ground with a Wiley and Au86-2397I isolines had increased plant dry matter mill to pass a 1-mm sieve. Plant height was measured (cm) yield with starter N, whereas starter N did not change from the soil line to the tip of the mainstem from a single plant dry matter yield for Cook. These results are conrandom representative plant for both R1 and R8 developtrary to those of Peterson and Varvel (1989) , who obmental stages. Maturity date was reported as the number of served a reduction in dry matter yield with application days from planting to maturity (when 95% of pods had turned of N fertilizer. It appears that dry matter response to their mature pod color). At maturity, plots were end-trimmed starter N at the R1 stage of growth is dependent on to 5.5 m in length and border rows were removed. Grain growth habit and cultivar.
harvest was accomplished with a small plot combine. Yields An interaction between genotype and N rate was were adjusted to 130 g kg Ϫ1 water content. Plant lodging was observed for number of nodules per plant (Table 2) , rated on a scale of 1 to 5, where 1 ϭ erect plants and 5 ϭ prostrate plants.
which was determined only for Au86-2397D and Au86- 
2397I. Starter N decreased number of nodules per plant
There was no difference in root weight due to genotype for Au86-2397I but not Au86-2397D. This reduction in or N rate (data not shown). nodulation from starter N (50 kg N ha Ϫ1 ) is contrary to Aboveground plant N concentration at R1 was infindings of several studies (Deibert et al., 1979; Hardar- creased by application of starter N (Table 2) . Starter N son et al., 1984; Stone et al., 1985) in which low levels resulted in a 5% increase in plant N concentration. This of N resulted in no negative effects on nodulation.
suggests that starter N increased N supply to the young Nodule dry weight per plant was reduced by starter N plants during the early growing season, as was observed (Table 2) . Averaged across environments and genotype, by Hardy et al. (1971) . Moreover, reduced nodulation application of starter N reduced nodule dry weight per owing to starter N (discussed below) had no negative plant by 34%. Plots that did not receive starter N applieffect on total plant N concentration at the R1 stage of cation had individual nodule dry weights of 0.013 g nodgrowth. There was no effect of genotype on plant N ule Ϫ1 , compared with 0.011 g nodule Ϫ1 for plots that did concentration (Table 2) . receive starter N. Although there appeared to be some reduction in individual nodule dry weight, the primary
Maturity and Harvest
contribution to the reduction in nodule dry weight per Plant maturity date was not affected by genotype or plant appeared to be reduction in nodule number. These findings are similar to those of Stone and Buttery (1986) . N rate (data not shown). Plant height at the R8 develop- mental stage was affected by both genotype and N rate without starter N. Starter N increased seed protein concentration in Au86-2397D from 433 kg ha Ϫ1 to 440 kg (Table 3 ). Au86-2397I had greater plant height than Au86-2397D at R8 (Table 3) . Averaged across N rates, ha Ϫ1 . It appears that seed protein concentration response to N varies with genotype. Au86-2397I plant height at R8 was 69 cm, while Au86-2397D had a R8 plant height of 45 cm, only an 11-cm increase in plant height following R1. Application of CONCLUSIONS starter N slightly increased R8 plant height (Table 3) .
Grain yield was increased on average by 0.15 Mg ha Ϫ1 The magnitude of difference in R8 plant height between with addition of starter N, suggesting that starter N is N treatments was similar to that observed at R1 (Taa viable input for late-planted, double-cropped soybean. ble 2).
Our results also suggest that an indeterminate growth Although there were statistical differences in plant habit may be superior to determinate types for ultralodging scores due to genotype, there was little or no late planting dates. Although starter N application in lodging (data not shown). Relatively short plant height these systems appears warranted, we have not pin-(Ͻ55 cm) kept lodging scores minimal; only when plant pointed an N rate expected to promote maximum ecoheight exceeded 60 cm did we see increased lodging nomic and/or agronomic yield. Future efforts in this line score. Low plant lodging scores support the finding of of research should focus on determining appropriate Boerma et al. (1982) , who observed minimal effects of starter N rates in late-planted, double-cropped soybean lodging, due to reduced vegetative growth in latesystems across a variety of environments. planted double-cropped soybean.
Grain yield was affected by both genotype and N rate REFERENCES ( but all treatments produced high-quality seed. As was Seed oil concentration was not affected by genotype Biol. Programme (Sect. PP-N), Prague and Wageningen, 1970. or N rate (data not shown). Genotype and N rate did Spec. Vol., Plant and Soil. Martinus Nijhoff, The Hague. interact to affect seed protein concentration (Table 3) Au86-2397I had the highest seed protein concentration
